In order to reveal the fluctuation effect of equilibrium moisture content of low subgrade in hot and humid climatic regions, the effect of temperature on the fluctuation of the equilibrium moisture content of subgrade was analysed. Taking the typical climate and the subgrade soil in Fujian province as an example, three technological methods -theoretical analysis, numerical simulation and indoor simulation experiment -were adopted in the investigation of the fluctuation effect of equilibrium moisture content of subgrade. The results show that, computing results from the formula of the equilibrium moisture content of subgrade, the numerical simulation results are closer to each other in consideration of the temperature effect. The test results can not reflect the relationship between the equilibrium moisture content and the height of embankment. The maximum fluctuation range of the equilibrium moisture content of the cement concrete pavement is less than 2 percent in Fujian area, and this phenomenon presents the effect of the moist-hot climate on the equilibrium moisture content. Equilibrium moisture content presents a declining trend with the increment of the temperature and the compactness. So, if matric potential considering temperature indirectly reflects the influence of thermal potential, then the equilibrium moisture content of low subgrade under high groundwater level can be estimated approximately. The fluctuation range of equilibrium moisture content in different layers of subgrade can be reduced effectively with the increment of the roadbed compaction degree.
INTRODUCTION
In China, low subgrades exist widely in soft soil areas due to its small land occupation. It is well known that a moisture content of subgrade soil is close to the optimum moisture content during the filling construction of subgrade. The moisture content near the centre of the subgrade will present seasonal variation because of factors such as the fluctuation of groundwater level and traffic load and it can reach equilibrium moisture content within about 5 years. Therefore, the design parameters of subgrade under equilibrium moisture content conditions are much more suitable for the long-term performance of subgrade.
In light of this background, many scholars have made further research on the equilibrium moisture content of subgrade. Furthermore, a large amount of achievements have been obtained in this field, such as the equation for prediction of equilibrium moisture content in the subgrade based on field monitoring data [1] [2] , the equilibrium moisture content of subgrade obtained by test of mould of water curing [3] [4] , and the prediction method of equilibrium moisture content of unsaturated clay subgrade outside the affected zone of atmospheric precipitation/evaporation based on a single-valued function relationship between moisture content and matric suction of soils [5] [6] .
All of these results have important significance for perfecting the durability design method of subgrade, but there is limited information on the effect of temperature on the equilibrium moisture content of subgrade.
However, it is known that changes of air temperature in different seasons will lead to a change of suction, and the temperature characteristics of suction play an important role in the pavement-subgrade system. For example, annual variation of measured temperature of roadbed in Nanping City of China is about 25 ˚C. Even so, how they influence the fluctuation effect of equilibrium moisture content of roadbed is still unknown. To address these issues, this paper takes a typical hot and humid climatic region in Fujian province of China as an example, and the fluctuation effect of equilibrium moisture content of subgrade in this zone is analysed based on the combination of theoretical analysis, numerical simulation and indoor simulation experiment.
PREDICTION OF EQUILIBRIUM MOISTURE CONTENT OF SUBGRADE CONSIDERING THE TEMPERATURE EFFECT

Soil-Water Potential Principle of Subgrade Under High Groundwater Level Condition
According to the theory of soil water potential, soil water potential consists of five parts: matric potential, gravitational potential, solute potential, pressure potential and temperature potential. In general, pressure potential of unsaturated soil is equal to zero and solute potential of unsaturated soil may not be considered. Because it is very difficult for the temperature potential to be stated by a mathematical formula, the matric potential considering the temperature effect is used to indirectly reflect the effect of temperature on soil water potential in this paper. As shown in Fig. 1 , the matric potential of subgrade will lead to a rise of the capillary water. Finally, when the moisture content of subgrade reaches equilibrium state, then the total soil-water potential under different depth of subgrade should be equal. If the base level is groundwater, the total soil-water potential of subgrade should be zero. So, the total soil-water potential of subgrade at point A can be described by:
Where,  ---the total soil-water potential, m; m  ---the matric potential, m; g  ---the gravity potential, m. The filter paper test was used to determine soil-water characteristic curve [5] . The test data of seven soil samples will determine the relationship between the moisture content and the matric suction. Each type soil of test consists of four different temperature conditions (5 ˚C, 20 ˚C , 30 ˚C , and 45 ˚C ). According to the test data, the Van Genuchten Model was used to fit the relationship between the moisture content and the matric suction of soils. It can be described by [7] :
Low subgrade
Where，  ---the moisture content, %; It can be seen from Tab. 2 that the model has high fitting accuracy, since the residual sum of squares of fitting is less than 0.001. Many studies show that the influence of temperature on soilwater characteristic curve of unsaturated soil should not be neglected. It is found that there is a power function relationship between temperature and parameters of Van Genuchten model based on the thermodynamics principle [8] . Using the method above, the relationship between temperature and parameters of Van Genuchten model was built based on the data in Tab. 2. It can be described by: Soil sample Ⅰ:
Soil sample Ⅱ:
Soil sample Ⅲ:
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The equilibrium moisture content of subgrade considering the temperature effect can be approximately predicted by Equation (2).
NUMERICAL SIMULATION OF EQUILIBRIUM MOISTURE CONTENT OF SUBGRADE Hydrothermal Modelling
Hydrothermal modelling can be described by [9] [10]:
Where， T---the temperature, ℃; The finite difference model is adopted to solve the hydrothermal modelling based on alternating direction implicit method. Implicit differential scheme of Equation (7) can be described by [9] :
The height of the numerical model is 5 m. According to its basic ideology, the analysis is conducted using MATLAB.
Material Parameters
The material parameters in the numerical model are shown in Tab. 3 
The Initial and Boundary Condition
The boundary condition of the upper surface of subgrade is heat flux and an impervious boundary without considering the impact of evaporation.
The initial moisture content of subgrade is the optimum moisture content and the initial temperature is the average atmospheric temperature (20˚C). The depth of groundwater level is 2.5m.
Numerical Simulation Results Analysis
In order to calculate seasonal variation of the moisture content of subgrade, climate data in Nanping City of China were selected as the typical meteorological boundary. The air temperature from July 1, 2007 to June 30, 2013 is shown in Fig. 4 . The calculation results for different depths are shown in Fig. 5 . 10 .14311/CEJ.2016.01.0004 8 (c) Soil Sample Ⅲ
Fig. 5. Seasonal Variation of Moisture Content of Low Subgrade in Nanping Area
In Fig. 5 , it can be seen that moisture content at different depths of three types of subgrade present an initial increasing and then fluctuation trend. The maximum fluctuation range of the equilibrium moisture content of the cement concrete pavement is less than 2 percent.
THE TEST FOR EQUILIBRIUM MOISTURE CONTENT OF SOIL AT DIFFERENT TEMPERATURE CONDITIONS Test Procedures
A mould of water curing was used to simulate the impact of field environment condition on the equilibrium moisture of subgrade [3] [4] . The test device is shown in Fig. 6 .
The test procedures are as follows: (1) Wet curing mould making A mould with a diameter of 7cm and height of 19 cm is made using PVC material. There are holes around the wall of the mould. In order to prevent water loss, wood blocks are used in the two ends of mould.
(2) Sample preparation
First, soil samples with the optimum moisture content are compacted by six layers in order to ensure adequate soil compaction. The height of each layer of soil is about 3 or 4cm. Soil samples are compacted by compaction instrument. Second, the samples are encapsulated by a non-woven material with a thickness of 0.01mm. Third, the samples are placed in the mould. In order to prevent lateral expansion, a nut is used to secure the mould. Sample preparation is shown in Fig. (7) .
(3) Accelerated saturation stage of the soil sample
When compaction is completed, the soil sample is weighed. In order to accelerate saturation of the soil, the samples are put into a bucket under different temperature conditions for three hours. 
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In order to ensure that the soil samples will absorb water uniformly because of imbalance of potential energy, the mould sealed by plastic bags is placed in a constant temperature and humidity system with a relative humidity of 100% and different temperatures of 5 ˚C, 20 ˚C, 30 ˚C, 45 ˚C, respectively. The soil samples should be inverted every 12h to ensure the uniformity. The relative humidity and moisture of soil samples should be recorded every 24 hours until the weight of soil samples do not change in two days. The test period is about 7d to 14d. 
Results Analysis of Indoor Test
Tests for equilibrium moisture content of three types soil of table 1 were conducted under the different conditions of three compaction degrees (88%, 95%, 100%) and four temperatures (5 ˚C, 20˚C, 30˚C, 45˚C). In order to reduce the errors, parallel tests of each test mode were conducted. The relationship curve of moisture content of soil sample Ⅰ and time is shown in Fig 8. Tab. 3 shows the equilibrium moisture content of the three types of soil. (c)30℃ (d)45℃ Fig. 8 In Fig. 5 and Tab. 5, it can be seen that the equilibrium moisture content of samples decreases with the increase of temperature. For example, the equilibrium moisture content of three soil samples decreases slightly when the temperature increased from 5 ˚C to 45 ˚C. Compaction has a great influence on the equilibrium moisture content. The equilibrium moisture content of samples decreases with the increase of the compaction. For example, the equilibrium moisture content of three soils decreases from 5% to 7% when the compaction of three soils increases from 88% to 100%.
It indicates that the increase of compaction of the subgrade can reduce the increase of equilibrium moisture content and improve the water stability of the subgrade.
A COMPARISON ON DIFFERENT PREDICTIONS OF EQUILIBRIUM MOISTURE CONTENT
In order to contrast different predictions of equilibrium moisture content, the calculation results of formula which considering the temperature effect, numerical simulation and indoor test are shown in Tab. 6.
Tab. 6 From Tab. 6, the following conclusions can be drawn:
1.
The equilibrium moisture content decreases with the increase of height of subgrade. This indicates that if the temperature potential is constant, the matric potential will decrease with the increase of gravitational potential and the soil tends to be more dry;
2.
Although the equilibrium moisture content determined from the tests is close to formula method and numerical simulation, the test results cannot reflect the relationship between the equilibrium moisture content and the height of embankment. Therefore, the test method needs further improvement;
3.
The annual variation of temperature of roadbed in Fujian province range from 8 ˚C to 28˚C [11] . Although the numerical analysis method cannot obtain the moisture content of subgrade at a specified temperature, the peak of equilibrium moisture content calculated by the numerical analysis method is close to the formula method considering the temperature effect where the temperature is 5 ˚C and 30 ˚C, and their quantitative difference is less than 1.5%. This indicates that if matric potential considering the temperature indirectly reflects the influence of thermal potential, the equilibrium moisture content of low subgrade under high groundwater level can be estimated approximately;
4.
The results of the three methods show that the maximum fluctuation range of the equilibrium moisture content of the cement concrete pavement is less than 2 percent in Fujian area, and this phenomenon presents the effect of the moist-hot climate on the equilibrium moisture content.
CONCLUSIONS
This paper presents a study on fluctuation effect of equilibrium moisture content of low subgrade under high groundwater level in hot and humid climatic regions. Based on this study, the following conclusions can be made: 1)Computing results from the formula of the equilibrium moisture content of subgrade, the numerical simulation results are closer to each other in consideration of the temperature effect. This indicates that if matric potential considering temperature indirectly reflects the influence of thermal potential, the equilibrium moisture content of low subgrade under high groundwater level can be estimated approximately.
2)Although the equilibrium moisture content from the test is close to the results of the formula method and numerical simulation, the test results can not reflect the relationship between the equilibrium moisture content and the height of embankment. Therefore, the test method needs further improvement.
3)The maximum fluctuation range of the equilibrium moisture content of the cement concrete pavement is less than 2 percent in Fujian area, and this phenomenon presents the effect of the moist-hot climate on the equilibrium moisture content. 4 ) Equilibrium moisture content presents a declining trend with the increment of the temperature and the compactness. Furthermore, the fluctuation range of equilibrium moisture content in different layers of subgrade can be reduced effectively with the increment of the roadbed compaction degree.
